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Introduction
Nanotechnology (nano-materials and nano-process) has been 

developed for both industrial and medical applications. The use of 
nano-medicine has been used in bio-imaging and bio-sensing, drug 
delivery, cancer cell diagnostics and therapeutics [1,2]. Nanoparticles 
(NPs) can cause tumor cell death by photothermal ablation, 
photodynamic toxicity, mechanical damage, or increase in the localized 
drug concentration. NPs are also promising agents for drug carriers, 
photothermal, photodynamic agents and contrast agents. 

NPs used in biomedicine must meet some requirements such 
as non-toxic, chemically stable, biocompatible and uniform in size, 
shape and concentration. NPs are the excellent candidates for cancer 
therapy because of their targeting functions, sustained drug release 
profiles, reduced side effects, and the ability to overcome multidrug 
resistance. Various nanocomposites have been developed for modern 
medicine [1], including magnetite (Fe3O4), maghemite (𝛾-Fe3O4), 
cobalt iron oxide (CoFe2O4), titanium oxide (T2O) and it alloys, silver, 
gold, mesoporous silica, cerium oxide (CeO2), stannum oxide (SnO2), 
manganese oxide (MnO2), praseodymium oxide (Pr6O11), antimony 
oxide (Sb2O3), zinc oxide (ZnO) and zirconium oxide (ZrO2). In 
addition, mesoporous SiO2 and carbon nanotubes (single- and multi-
walled) have the potential to serve as a versatile drug nano-carrier for 
smart drug delivery because of their excellent properties such as high 
surface area and chemical stability. 

Using surface plasmon resonance (SPR) in various shapes of gold 
nanoparticles (GNP), such as spheres, rods, boxes, cages and shells 
have been developed [3-10]. By changing the shape of GNP from 
spheres to nanorods, the absorption and scattering peaks change from 
visible to the near-infrared (NIR) regime. Comparing to the visible 
light, light in the NIR regime offers the advantages of larger absorption 
and scattering cross sections and much deeper penetration depth in 
tissues [5-7]. The red-shift of the absorption peak in gold nanorods is 
governed by the aspect ratio (defined by as the ratio of the length to the 
cross-sectional diameter), whereas it is governed by the shell thickness 

in nanoshells [5,6]. Lin et al., [8,9] proposed the use of a near IR diode 
laser system having multiple wavelengths for more efficient treatment 
of cancer tumor. To overcome the penetration issue, Lin et al., [8,9] also 
proposed the use of a train-pulse to increase the volume temperature 
increase which is particularly useful to larger volume tumors, unless an 
inserting fiber is used to deliver the laser energy. Various medical lasers 
and their fundamentals are reviewed by Lin [10].

NPs for dual-modality of fluorescence and magnetic resonance 
imaging-guided, and dual-therapy using photothermal therapy (PTT) 
and photodynamic therapy (PDT) have been developed recently [11-
22], where synergic treatment modalities combining PDT with PTT 
could overcome current limitations of PDT, thus achieving enhanced 
anticancer efficacy. 

GNPs are excellent tools for cancer cell imaging and basic research. 
However, the full potential for practical clinical outcomes requires the 
follow factors: 

i.	 protection drugs from being degraded in the body before they reach 
their target; 

ii.	 enhance the absorption of drugs into tumors and into the cancerous 
cells themselves; 

iii.	allows for better control over the timing and distribution of drugs 
to the tissue; 

iv.	 prevent drugs from interacting with normal cells to limit side effects.

Abstract
We will review the recent progress of various nanoparticles for phototherapy with an emphasis on the fundamentals of synergic effects of photothermal therapy 
(PTT) and photodynamic therapy (PDT). Heat diffusion kinetics (to calculate the temperature increase of the heated nanoparticle), and photochemical kinetics for 
the efficacy of PDT, or the generation rate of reactive oxygen species are analyzed. The critical factors of the PTT/PDT synergic efficacy include: the absorption 
coefficients and concentrations of the nanoparticles and photosensitizers in the treated target, the exposure time, intensity and does (energy) of the light applied to 
the target. Efficacy of cancer therapy may be enhanced by combining PTT and PDT either activated by one light or two lights. For maximum synergic efficacy, the 
process order and the interaction between PTT and PDT are also important. To achieve the same efficacy, minimum dose and/or less exposure time for accelerated 
procedure by using a higher intensity (but same dose) are desired.
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The animal study of Kim et al., [20] showed that tumor-targeting 
nanogel can function independently for both PDT and PTT and its 
synergy from the procedure of PDT followed by PTT, which is more 
effective than PTT followed by PDT. In addition to a review of clinical 
studies, we will propose modeling systems to analyze the synergic 
feature and explore the roles of key parameters influencing the anti-
cancer efficacy. 

The modeling systems
Phototherapy of cancers can be performed via: PTT, where the 

cancer cells are killed due to the temperature increase after light 
exposure; or PDT, where cancer cells are killed by singlet oxygen 
free radicals produced after a type-II process. As shown in Figure 1, 
the tumor cells killing efficiency may be enhanced by combining the 
photothermal therapy (PTT) and photodynamic therapy (PDT) using 
two light sources (either lasers or LED sources), in which the treated 
tumor tissue is injected by both nanogold solution and photosensitizers. 
Depending on the types of photosensitizers (PSs) and the shapes of the 
nanogold, the light wavelengths matching the absorption may vary 
from UV, visible to near IR (NIR). For examples, nanosphere absorbs 
visible light (at 480-680 nm), nanocube (700-900 nm), nanorod (700-
2500 nm), and nanoshell (480-810 nm). 

As shown in Figures 1 and 2, the combined PTT and PTT processes 
using various lights having wavelength from UV to IR with associate 
nanogold shapes and PS. Various PSs of riboflavin (B2), 5-ALA, 
methylene blue (MB) and indocyanine green absorb, respectively, light 

at wavelength of (365, 430 nm), (530-670 nm), (780-850 nm), as shown 
by Figure 2. Therefore, a combined dual-function of PTT/PDT can be 
performed by: (a) an NIR light absorbed by both gold nanorod and 
indocyanine green; or a visible light absorbed by both gold nanosphere 
and 5-ALA; (b) two different lights having wavelength at NIR (for 
PTT) and UV to visible light (for PDT). For the case of one light for 
both PTT and PDT the simultaneously interacting with the nanogold 
and the photosensitizer is much more complex that of the case of two 
different lights which can be treated independently.       

Figure 2 shows the dual therapy of PTT/PDT using two lights 
applying to various photosensitizers [11]. To analyze the efficacy of 
PTT and PDT, a heat diffusion kinetics will be used to calculate the 
temperature increase in PTT resulted from the nanogold absorption 
of light energy, whereas photochemical kinetics will be used to find the 
efficacy of PDT, or the generation rate of reactive oxygen species. The 
critical factors of the synergic therapy efficiency to be discussed include: 
the absorption coefficients and concentrations of the nanoparticles and 
photosensitizers in the treated target, the exposure time, intensity and 
does (energy) of the light applied to the target.

Analysis of photothermal therapy (PTT)
The temperature profile of the absorbing nano-medium after a laser 

(or LED) exposure may be governed by the following heat diffusion 
equation [8].

               	                 (1.a)

where T is the temperature of the absorbing medium; z is the laser 
propagation direction along the depth of the medium, k and K are, 
respectively, the thermal conductivity and diffusivity of the solution; 
and b is the heat diffusion (per unit area) due to blood flow. I is the laser 
intensity (or power density), B is the extinction coefficient, which can 
be expressed by B=[A(A+2s)]1/2, where s is the scattering coefficient; 
A= C+Q,  is the absorption constant of the photosensitizer (PS), or 
nanoparticle, having an initial concentration C, and Q is the absorption 
constant of the tissue (without PS). In general, C(z,t) depends on both 
t and z, and can be depleted in PDT, especially in type-I process. If one 
includes this effect, coupled equations for dC/dt, and dI/dz are required 
and needed to be solved simultaneously with Eq. (1). In other words, 
the conventional Lambert-Beer law (BRL) for the light intensity needs 
to be revised to a time-dependent generalized LBL

I(z,t)= I0 exp[-A(z,t)]   				                 (1.b)

where

       (1.c)

We note that A(z,t) is a decreasing function of time, when PS 
concentration, C(z,t), is depleted in time. The non-constant C(z,t) will 
affect both A and B in Eq. (1). Therefore, PTT is influenced by PDT if 
C(z,t) is not a constant. This interaction is small in Type-II process, or 
when Type-I is minor, then we may have solved for PTT independently 
to PDT. More details of above equation will be discussed later and 
defined in Eq. (2).

Eq. (1) requires numerical calculations. However, the steady-state 
solution can be obtained analytically, for the situation that C(z,t) of 
PS is not depleted, or A and B are Eq. (1) are constants [10]. Typical 
temperature increase (dT=T-T0) profiles (temporal and spatial) are 
shown in Fig. 3 (A) and (B) for various laser intensity (10,20,30) mW/
cm2, with 500 sec exposure time. To kill cancer cells, typical temperature 

Figure 1. Combined PTT and PDT using 2 lights acting on the tumor nanogold injected 
with nanogold solution and photosensitizer [11].   

Figure 2. PTT/PDT processes using various UV and IR lasers with associate and 
photosensitizer [11].
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needed are about 43 to 45ºC, therefore a minimal of dT=6ºC is needed, 
if T0=37ºC. As shown by Figure 3, higher intensity reaches a higher 
steady state temperature in about 15 to 30 minutes for A=3.0 (1/cm). 
As shown by Figure 3, volume temperature (z>0) is always lower than 
surface temperature in a cw operation. We have proposed a pulse-train 
method to increase the volume temperature [8] which is critical for 
tumors in large volume. In addition, multiple wavelength lasers (with 
different absorption coefficients and penetration depth) may be used 
for large size tumors. Concentration profile of the NPs inside the 
tumors is another parameter can be optimized to achieve maximum 
efficacy with minimum laser dose (energy). We have previously studied 
and analyzed in vitro photothermal destruction of cancer cells using 
gold nanorods and pulsed-train near-infrared [8,9]. However, the 
system was PTT only and the influence of concentration depletion or 
the interaction from PDT are not considered. 

We should note that in vivo animal and/or human cancer therapy 
will be much more complex than in vitro under simplified conditions. 
These complexities shall include the non-uniform GNRs concentration 
in the tumor, the multi-layer normal-cancer tissue medium with 
multiple thermal parameters, and the blood flowing of the laser-
targeted areas. This study with simplified conditions defined by 
uniform GNRs solution and controlled thermal parameters, however, 
still provides meaningful guidance based on vitro experimental 
measurements which are also consistent with theory. In addition, the 
design of multiple-wavelengths laser system shall partially overcome 
the issues of GNRs non-uniform and multiple thermal medium for 
a 3-dimensional-therapy, in which various absorption penetration 
depths are available via the fiber-coupled multiple-wavelength laser 
simultaneously targeting the cancer tumors.

A complete numerical simulation for the above complex system 
will be presented elsewhere. This study will emphasize on the efficacy 
of PDT. 

Analysis of photodynamic therapy (PDT)
PDT makes use of PS to generate reactive radical species upon the 

absorption of specific wavelengths of light, where the selectivity is given 
by (i) PSs are preferentially taken up by tumour tissues, and (ii) the 
molecules generate cytotoxic radical species only at the site where light 
is administered. There are two cytotoxic photochemical mechanisms 
in PDT (as shown by Figure 4): (i) “Type-I” mechanism where the 
molecule directly reacts through its triplet excited state to generate 
reactive radical’s species; and (ii) “Type -II” mechanism where PSs 
convert molecular oxygen into highly reactive singlet oxygen. Most PSs 
currently used in the clinic are predominantly “Type -II” molecules. It 
is also possible that both Type-I and -II coexist.

Depending on the target site, PDT effects can be divided into 
three different types: destruction of blood vessels, killing of tumour 

tissue and cells, and induction of immune response. If the PS is also 
mainly retained in the blood vessels, the type-II process produced 
singlet oxygen (SO) can damage the blood vessels, causing insufficient 
blood supply to the lesion, indirectly cause cell death. When the PS 
reaches the cell, SO may lead to cell apoptosis, necrosis and autophagy. 
The path of death depends on the concentration and distribution of 
SO in the course of treatment. In addition, many studies have shown 
that PDT for tumor cells itself has a strong immunogenicity, can 
stimulate the specific immune response. Its function to enhance tumor 
immunogenicity is also confirmed in the human body. Such as the use 
of photodynamic methods of laser local exposure to human basal cell 
tumor, there is no place to radiation, tumor cells also disappeared. This 
is because photo kinetics have improved the patient’s active immune 
response to the tumor and will be automatically removed without 
irradiation, and have been validated in clinical trials of other tumor 
treatments.

PDT was theoretically studied by Forster et al., [21], Hu et al., [22], 
Wang et al., [23] and Zhu et al., [24, 25] for cancer therapy, and more 
recently by Lin [26,27] for corneal deceases which will be revised for 
cancer therapy in this study. Most photosensitizers (PS) available for 
PDT utilizes Type II photodynamic processes, i.e., the photodynamic 
effect is achieved through the production of singlet oxygen [21]. As 
shown in Figure 3 earlier and Figure 4, the process begins with the 
absorption of a photon by PS in its ground state, promoting it to an 
excited state. The PS molecule can return to its ground state by emission 
of a fluorescence photon, or convert to a triplet state, a process known as 
intersystem crossing (ISC). The triplet state may undergo a collisional 
energy transfer with ground state molecular oxygen (type II process), 
or with the substrate/target (type I process). In type II interaction, the 
PS returns to its ground state, and oxygen is promoted from its ground 
state (a triplet state) to its excited (singlet) state. In type-II process, the 
PS is almost not consumed (due to the slow singlet oxygen quenching 
rate), whereas in type-I process the PS is largely depleted specially for 
high intensity [26].

The life time of the singlet and triplet states of photosensitizer and 
the singlet oxygen are very short (ns to μs time scale) since they either 
decay or react with cellular targets immediately after they are created, 
therefore a set of quasi-steady state kinetic macroscopic kinetic equation 
for the concentration of the ground state PS, C(z,t), the ground state 
oxygen, [O2]=X(z,t), and the light intensity, I(z,t) as follows [23,26,27],
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Figure 3. (A) Surface temperature increase profiles (at z=0) for various laser intensity 
(10,20,30) mW/cm2. (B) Temperature increase spatial profiles for various laser intensity 
(10,20,30) mW/cm2, with 500 sec exposure time.

Figure 4. Photochemical kinetics of PDT (Jablonski diagram) showing type-I (with direct 
coupling to the target) and type-II mechanism (generating singlet oxygen) for anti-cancers. 
Additional reactive-oxygen-species (ROS) mediated type-I pathway may also contribute to 
the overall efficacy (not shown in the figure). 



Lin JT (2017) Progress of nanotechnology for phototherapy: Fundamentals and applications

 Volume 4(1): 101-107Med Devices Diagn Eng, 2017         doi: 10.15761/MDDE.1000124

                                   (2.a)

                                              (2.b) 

                                                                     (2.c)

                                          (2.d)

                                        (2.e)

where a=83.6ελ/2.3; λ is the light wavelength; ε and έ are the extinction 
coefficients of PS and the photolysis product, respectively; Q is the 
absorption coefficient of the normal tissue (without PS); p and q are 
the type-I and type-II quantum yield, respectively, given by p= k2/
(k1+k2) and q = pk4/(k6+k7[A]); k= k5/k3, b= f’k7[A]/ (k6+k7[A]); and the 
type-I effective factor f= 1-g, with g=[k5+k3X]/k8[SH]. P is the Oxygen 
diffusion and perfusion rate. 

The effective factor (f) is 0 to 1.0 depending on the strength of the 
triplet PS direct coupling to the target (without via singlet oxygen). We 
note that type-I quantum yield (p) is also called as the “intersystem 
crossing rate” which defines the strength of the crosslinking [24].

Eq. (2) has been generalized for the situation that both type-I and 
type-II processes occur. It reduces to type-I only, when q=0, X(z,t)=P=0, 
or there is no oxygen supply in the process. The effective factor, defined 
by f= 1-g, with g being the effective regeneration of PS ground state 
due to type-II and type-I. that is the PS depletion in type-I is partially 

compensated by type-II. Reduction of the triplet PS molecule maybe 
due to its direct coupling to the target tissue [A] (in type-I), or its 
coupling to the singlet oxygen (in type-II). In general, type-I process 
occurs simultaneously with type-II, then type-II is terminated at the 
time oxygen is completely depleted. The effective regeneration factor 
(f=1-g) was ignored in previous modeling [21-25], which results an 
almost constant PS concentration, since qG (about 0.0001 to 0.001) is 
much smaller than f=1-g (about 0.1 to 1.0).

All the previous studies [21-25] assumed a type-II process (with 
p=0) and the PS is almost not consumed for the treatment period of 
10 to 30 minutes, and therefore the light intensity is given by a time-
independent Lambert-Beer law, that is C(z,t) in Eq. (2.e) is assumed 
to be a constant C0. This is true only when type-II is dominated, and 
f<<q, type-I can be neglected. The initial concentration profiles (at t=0) 
of the PS and oxygen may be calculated or measured based on Fick’s 
second law of diffusion. For analytic solution, we have chosen the 
distribution profile given by [26]: F(z,D) = 1-0.5z/D for PS solution, or 
C(z,t=0)=C0F(z), with a diffusion depth D in the stroma; and F’(D’,z) 
=1-0.5z/D’ for the oxygen initial concentration, or X(z,0)= X0F’(D’,z), 
with a different diffusion depth D’. The typical diffusion depths are: D 
is 200 to 500 µm and D’ is 100 to 200 µm. 

The type-I efficacy Ceff (I)=1-exp(-S’), with S’ function given by [26] 

                                               (3.a)

                                                      (3.b)

where I’(z,t) = I0 exp(-A’z), with A’ being an effective absorption 
constant. K’=(kp/kt)

2 with kp and kt are the rate constant for the polymer 
growth and termination; the effective factor, f=1 (or g=0), when type-II 
does not occur, or when the oxygen is completely depleted.

A complete numerical simulation will be shown elsewhere, and we 
will focus on analytic formulas to demonstrate the roles of each of the 
key parameters for type-II process, with type-I is ignored. The analytic 
formulas for the efficacy of type-II PDT as follows. Typical values of the 
parameters to be used in our calculations are (referred to Zhu et al., [24] 
for Photofrin as the sensitizer): P=0.015 (µM/s), p=0.8, q=0.001 (for 
[A]=830 µM), k=12.5, b=0.5 (with f’=0.5), Q=0.3(1/cm), ε=0.00036, 
or a=0.024 (for p=0.8), έ<< ε.  Effective absorption constant A=3.5(1/
cm), if includes the strong scattering constant of 14 (1/cm), or I(z)=I0 
exp(-3.5z), when C(z,t) is almost constant. Initial values: C0=8.5 µM, 
[A]0=830 µM, [3O2]0=83 µM. Solving Eq. (2.b), we obtain he oxygen 
concentration [O2] =X(z,t) is given by the following nonlinear equation 
(for P=0)

t= (83+4.43k-X-klnX)/B    			                     (4)

with B=0.085I0exp(-Az); and t=t0+X/P, for P>0, t0 defined by when 
X=0. Plotting the curve by changing X to obtain t (t vs. X) and rotated 
the coordinated by 90 degrees, we obtain the curve for X vs. t, which 
gives the oxygen profiles X(z,t). The time integration of X gives us the 
profile of singlet oxygen [1O2], or [O*], and also the type-II efficacy 
defined by [24,27]

          			                                    (5)

Figures. 7-10 show the profiles of [3O2], [1O2], and S for various 
parameters (k,z,I,A,P), and their roles on anti-cancer are summarized 
as follows:

As shown by Figure 7, higher intensity depletes the oxygen faster than 
low intensity, and it starts from the surface (with higher oxygen for z>0).

Figure 5. Photochemical kinetics of PDT in type-II process [27]. 

Figure 6. Typical oxygen profile in PDT, where oxygen is depleted in type-II and resupplied 
by diffusion, where type-I is dominant for low oxygen level [27]. 
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Figure 7. (A) Oxygen temporal profiles (A) on surface (z=0) for light intensity I0 is 50 and 100 (red curve) mW/cm2, k=10 (1/s), A=3.0 (1/cm), P=0.15 (1/s); initial value [O2]=83 um, time 
in seconds. (B) for z=0 and 0.5 cm (green curve), and I=100 mW/cm2.

Figure 8. (A) Same as Fig. 9, but for z=0.5cm, A= 3.0 and 4.0 (1/cm) (green curve). (B) for A= 3.0 (1/cm), and P=0.15 and 0.23 (1/s) (green curve).

Figure 9. Singlet oxygen [1O2] temporal profiles: (A) on surface (z=0), and (B) at z=0.5 cm; for I0= (20,40,60) mW/cm2 curves in (red, blue, green). Other parameters are the same as Figure 8.
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As shown by Figure. 8, higher absorption constant (A), or lower 
intensity (at a given depth) depletes the oxygen faster than low A.

As shown by Figure 9, higher oxygen diffusion rate (P) produces 
higher oxygen profiles. 

As shown by Figure 10, higher intensity depletes the oxygen faster 
such that it produces higher singlet oxygen [1O2] and has higher efficacy.  

Discussion of combined PTT and PDT
As shown in Figures 1 and 2, the tumor cells killing efficiency may 

be enhanced by combining PTT and PDT using two light sources 
(either lasers or LED sources), in which the treated tumor tissue is 
injected by both nanogold solution and photosensitizers. Depending 
on the types of photosensitizers and the shapes of the nanogold, the 
light wavelengths matching the absorption may vary from UV, visible 
to near IR (NIR). For examples, nanosphere absorbs visible light (at 
480-680 nm), nanocube (700-900 nm), nanorod (700-2500 nm), and 
nanoshell (480-810 nm). 

As shown in Figure 2, the combined PTT and PTT processes 
using various lights having wavelength from UV to IR with associate 
nanogold shapes and photosensitizer. Photosensitizer riboflavin 
(B2), 5-ALA, methylene blue (MB) and indocyanine green absorb, 
respectively, light at wavelength of (365, 430 nm), (530-670 nm), (780-
850 nm), as shown by Figure 2. Therefore, a combined dual-function 
of PTT/PDT can be performed by: (a) an NIR light at NIR absorbed 
by gold nanorod and indocyanine green; or a visible light absorbed by 
gold nanosphere and 5-ALA; (b) two different lights having wavelength 
at NIR (for PTT) and UV to visible light (for PDT). For the case of one 
light for both PTT and PDT the simultaneously interacting with the 
nanogold and the photosensitizer is much more complex that of the 
case of two different lights which can be treated independently. 

The animal study of Kim et al., [20] showed that tumor-targeting 
nanogel can function independently for both PDT and PTT and 
its synergy from the procedure of PDT followed by PTT, which is 
more effective than PTT followed by PDT due to certain interference 
from PTT, if it was applied to the system prior to PDT. As described 
earlier that A(z,t) and B(z,t) are decreasing function of time, when PS 
concentration, C(z,t), is depleted in time. The non-constant C(z,t) will 
affect both A and B in Eq. (1). Therefore, PTT is influenced by PDT, if 
C(z,t) is not a constant. This interaction is small in Type-II process, or 
when Type-I is minor, then we may have solved for PTT independently 
to PDT. The data shown by Kim et al., [20] implies that conducting PDT 

prior to PTT caused small or minimum depletion of C(z,t), such that it 
does not affect the A and B constant in Eq. (1) in solving the temperature 
increase. However, we believe that Type-I and -II processes most likely 
to co-occur, and certain degree of PS concentration is depleted after the 
PDT. This influence is more significant when z>10 mm, or when the 
amount of A(z,t) decrease affecting more on the light intensity I(z,t) 
when calculating the temperature. Smaller A or B in Eq. (1) will achieve 
deeper light penetration, but also shows an optimal related by A*z=1.0, 
or A*=1/z, and smaller A* achieves deeper z. When two lights are used 
independently for PTT and PDT, the system modeling is simpler than 
when only one light is used for PTT/PDT, in which Eq. (1) and (2) 
must be solved simultaneously. 

Optimal synergetic efficacy of PTT/PDT depends on not only the 
order of PTT and PDT but also how the light (or lights) is applied. 
Parameters involved in the optimal process shall include at least 
the dynamic of time-dependent PS concentration, C(z,t) , and light 
intensity I(z,t), the optimal penetration depth (for both PTT and PDT), 
the total dose (or energy), and the associate light intensity and exposure 
time. Efficacy should be also optimized by a minimum dose and/or less 
exposure time, where procedure maybe accelerated by using a higher 
intensity (but the same dose), which has been demonstrated in different 
application of PDT called corneal crosslinking deceases [26,27]. A 
complete numerical simulation will be shown elsewhere. 

In addition to the PTT/PDT synergistic method presented 
earlier, the efficacy of PDT may be further improved significantly via 
conjugated nanogolds. For example, it was reported by the conjugated 
spherical nanogold as the delivery agent for 5-ALA resulted in a two 
times higher cell death rate compared to free 5-ALA [28]. Another 
example is that the DNA damage caused by PDT as demonstrated by 
alkaline gel electrophoresis was greater in the methylene blue (MB) plus 
chitosan-treated group than in control and MB-treated groups [29]. As 
indicated earlier, using near IR light in PDT is required for large size 
tumours. Therefore, the available IR-light response PSs are important. 
An updated overview on the development of new photosensitizers for 
anticancer photodynamic therapy was reported by Zhang et al., [30]. 
More clinical studies of the efficacy of PDT and PTT using various 
nanoparticles have been reported [31-39].  

Conclusion
Efficacy of cancer therapy may be enhanced by combining PTT and 

PDT either activated by one light or two lights. For maximum PTT/
PDT synergistic efficacy, the concentration of PS and nanoparticles 

Figure 10. Efficacy profiles: (A) on surface (z=0), and (B) at z=0.5 cm, for I0= (20,40,60) mW/cm2 curves in (red, blue, green).
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required to be optimized in addition to the wavelength of the light 
matching the absorption peak of PS and nanoparticles. To achieve the 
same efficacy, minimum dose and/or less exposure time for accelerated 
procedure by using a higher intensity (but same dose) is highly needed.
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